INTRODUCTION
In the indirect drive approach to inertial confinement fusion, the fuel pellet is imploded by x-ray driven ablation inside a high-2 cavity, or hohlraum (1) . This xray drive is generated by the interaction of intense laser beams with the hohlraum wall interior. In addition to ablating the fuel pellet surface, this radiation heats and ablates the hohlraum wall causing the hohlraum to fill with a dense, high-Z plasma. This plasma can refract the incident laser beams or cause the absorption region to move a significant distance from the hohlraum wall. Both of these situations can affect the drive symmetry. If the density gets too high, parametric instabilities can scatter the laser light, affecting both symmetry and energy balance.
To prevent the ablated hohlraum wall material from filling the cavity, a low-2 material, or tamper, is used to hold back the high-Z hohlraum wall material. This tamper can be generated from a solid, such as CH, coated on the interior hohlraum wall, or gas such as methape, confined in the hohlraum. These gas-filled hohlraums must be designed with windows to confine the gas. The tamper must allow the laser light to penetrate to the hohlraum wall, but must be of sufficient density and temperature to hold back the ablated high-Z material, A gas filled hohlraum is shown schematically in figure 1. Thin (3500 A) polyimide (C22HloN205) windows cover the laser entrance holes (LEHs) to provide a gastight seal. The laser light rapidly burns through the windows and gas, heating and ionizing the low-2 material as it propagates to the hohlraum wall. In the experiments discussed here, this occurs in about 200 ps. MASTER FIGURE 1. Gas-filled hohlraum. The laser entrance holes are covered with polyimide to provide a gas-tight enclosure.
The x-rays generated by the interaction of the laser with the Au hohlraum wall interact with the high-2 wall material via multiple absorption and re-emission to produce a near Planckian photon distribution with a temperature on the order of 200-eV inside the hohlraum. The radiation heat wave (2) propagating through the hohlraum wall ablates the Au causing it to expand toward the center of the hohlraum. The pressure associated with the tamper retards the motion of the high Z plasma.
In this paper we discuss two experiments that study the effect of the tamper on the hohlraum. In the first experiment, we use a modified hohlraum to monitor the motion of the tamper-hohlraum interface as a function time. The hohlraum has 100% LEHs to permit an unobstructed view of the hohlraum wall. A gated imager is used to view the hohlraum along its axis by monitoring the x-ray emission from the high-Z ions in three different energy bands (3). In these experiments, the laser beams are pointed in such a way that they illuminate the midplane circumference with ten-fold symmetry. This makes the illumination more "2-Dimensional" which is easier to model with the 2-D LASNEX (4) code and is a better approximation to the azimuthal illumination scheme intended for the National Ignition Facility (NIF).
In the second experiment, we measure the effect of the tamper on the time dependent drive in a hohlraum. In these drive experiments we use a standard scale-1 hohlraum (see below for details). The laser beams illuminate the hohlraum on either side of the midplane with five-fold symmetry, as depicted in figure 1 . A tenchannel, absolutely calibrated time-resolving spectrometer, Dante (5), is used to monitor the x-ray emission emanating from a small aperture in the hohlraum wall. This measurement provides the time history of the wall temperature inside the hohlraum, from which we can infer the drive temperature. In these experiments, we measure the Stimulated Brillouin Scattering (SBS) back into the lens of one of the ten Nova laser beams. Monitoring the scattered laser light helps us understand the overall hohlraum energetics.
INTERFACE MOTION EXPERIMENTS
To monitor the motion of the interface between the tamper and the ablated hohlraum wall material, we use a modified hohlraum that has 100% LEHs. Because of the large LEH diameter in these hohlraums, the windows are fabricated from 6500-A thick polyimide. Both the hohlraum diameter and length are 1600 pm. The laser beams are pointed at the midplane of the hohlraum to provide tenfold symmetry in the azimuth. This provides a more uniform illumination of the wall, which is easier to model with a 2-dimensional code such as LASNEX. This is also a closer approximation to the anticipated illumination of a NIF hohlraum wall. The hohlraum is illuminated with a 2-ns long square pulse with a total energy of approximately 20 kJ. The beam spot at the hohlraum wall is calculated to be about 675 pm long and 460 pn wide (in the azimuthal direction). The laser intensity at the wall is -3~1014 Wkm2
The primary diagnostic is the Soft X-ray Framing Camera (SXRFC) that views the hohlraum along its axis. This instrument is filtered to monitor emission around 450-eV, 1200 eV and M-band emission (hv>2 keV). The SXRFC provides images at four different times in each of the three energy channels. Another framing camera views the hohlraum along its axis from the opposite side. This second camera has a fmed sweep length of 500 ps. A multiple pinhole array on the front of the camera provides twelve images in the M-band region during the 500-ps sweep. Figure 2 contains t=2.25 ns FIGURE 2. Axial images of an empty (left) and a neopentane-filled (right) hohlraum.
These data correspond to the 450-eV channel of the framing camera. tions (windows on the LEHs but no gas fill and 1-atm C5H12 gas fill). Neopentane corresponds to 0.1 n, when fully ionized. It is quite apparent that for the empty hohlraum the cavity fills with high-2 plasma and that toward the end of the pulse the plasma is stagnating on the axis. In contrast, the tamped hohlraums show the central region free of the emission corresponding to the high-Z material for the duration of the laser pulse. Lineouts of the axial images corresponding to the empty hohlraum and the C5H12 filed hohlraum are shown in figure 3 . The most apparent difference between the empty and gas filled hohlraums is the absence of low density gold filling the hohlraum. Not only does the 50% intensity point move in during the pulse, but the peak of the intensity moves in as well. This corresponds to the absorption region moving away from the original location of the wall. The data is in good agreement with LASNEX calculations, except in the M-band region where the code predicts the emission (and hence the location of the high-2 material) to emanate from further inside the hohlraum (i. e. closer to the axis).
We determine the velocity of the interface by somewhat arbitrarily tracking the position of the 50%-intensity point as a function of time. The velocity of the interface in the absence of the tamper is approximately 3x107 c d s while in the presence of the tarnper generated from neopentane it is approximately 1x107 c d s . However, we should point out that this method of quantifying the effect of the tamper totally neglects the fact that the low density, high-2 filling of the hohlraum is virtually eliminated by the tamper.
HOHLRAUM TEMPERATURE MEASUREMENTS
In order to determine the effect of the gas tamper on the hohlraum drive, We measured the temperature of a standard, scale-1 hohlraum without a tamper (or windows) and with a tamper generated from methane gas. These hohlraums are 1600-pm in diameter and 2700-pm long with 75% LEHs (1200-km in diameter). The LEHs on the gas-filled hohlraums are covered with 3500-A thick polyimide.
The laser pulse shape, shown in figure 6, is designed for implosion experiments and incorporates a low-intensity foot followed by a peak in the drive. A ten channel, time resolving x-ray spectrometer views a portion of the interior hohlraum wall through a small aperture (-400-pm diameter) in the side of the hohlraum. The results of these measurements are shown if figure 5 for empty and methane-filled hohlraums. The effect of the tamper on the hohlraum temperature is two-fold: the peak of the drive is reduced about 20-eV and the "foot" of the drive is modified by the energy required to ionize and heat the gas. Preliminary investigations indicate that the gas species has little effect on the drive modification. That is propane and methane reduce the hohlraum temperature by about the same amount. In order to account for the temperature drop, we are measuring the reflected laser light from the hohlraum. We have made extensive measurements of the SBS and are beginning measurements of the SRS. Figure 6 shows the time dependent SBS that reflects back into a specific beam. We plot here the incident laser pulse (for a single beam), the SBS for a gas-fiied hohlraum and for an empty hohlraum. Although the average SBS is nearly the same for the gas-filled hohlraum and the empty hohlraum, the temporal characteristics are markedly different. The empty hohlraum shows the SBS signal peaking in the latter part of the drive while the gasfilled hohlraum shows the peak of the SBS signal occurring during the front of the peak of the drive pulse. FIGURE 5 . Laser pulse shape (power vs time) used in the hohlraum drive measurements. Also shown is the reflected SBS for an empty and a CH4-filled hohlraum.
CONCLUSION
We have measured the effect of the tamper in a gas-filled hohlraum. The ionized, low-2 plasma is quite effective in preventing the high-2 wall material from filling-in the hohlraum. We observe a temperature drop of about 10% when a tamper is introduced into the hohlraum. We are currently investigating the sources of this energy loss such as laser scattering via SBS and SRS. We also are investigating the properties of the low-2 tamper.
